Background To explore inequalities in the provision of hip/knee replacement surgery and produce small-area estimates of provision to inform local health planning.
Introduction
Inequality in health and healthcare is recognized as an important health policy issue. The UK government has published many white papers and reports over the past decade. 1 -4 Recently, the UK Secretary of State for Health announced a comprehensive strategy for reducing health inequalities, 5 addressing unjustified gaps in health status, fair access to NHS services for everyone and good outcomes of care for all.
Joint replacements make a substantial contribution to public health and are among the most common elective procedures. They are cost-effective, 6, 7 with good prosthesis survival rates, 8, 9 reducing pain, increasing mobility and improving quality of life. 10 -17 Previous studies demonstrated evidence of inequalities in the provision of hip and knee replacement. Rates of surgery increase with age then fall in the oldest age groups, and women receive more operations than men. 18 -31 More affluent groups receive greater provision of hip 18, 19, 29, 32, 33 and knee replacement. 18 Utilization of hip replacement is higher in rural areas, 26, 31, 34 and US studies found Whites are more likely to get surgery than other ethnic groups. 19, 21, 22, 27, 31, 35, 36 Many of these studies included all joint operations rather than elective procedures, 19 -24,32,35 -38 some studies focus only on one socio-demographic domain, statistical methods used in some studies are weak, 38 and only one study explored geographical variation in provision. 36 Finally, with the exception of studies examining correlations between hospital characteristics and utilization rates, 38, 39 no other studies have looked at whether hospital and distance measures explain inequalities in provision by sociodemographic group. We incorporate such variables into a multilevel regression model using Geographical Information Systems (GIS) methods. 40 The objectives of our study are to comprehensively explore inequalities in the provision of elective primary hip and knee replacement including provider and distance characteristics and to demonstrate how small-area estimates of provision can be provided to inform local health planning.
Methods
Information on joint replacement operations is provided by the Hospital Episode Statistics (HES) database, which holds information on patients admitted to NHS hospitals in England, either as day-cases or ordinary admissions. Each record relates to one 'finished consultant episode'-the period of time an individual spends under the care of one NHS consultant. Private procedures are excluded from HES as there is no requirement for private hospitals to provide routine data (20% of hip and knee operations are carried out in private institutions 41 ). Data on all hip and knee replacement operations occurring in the financial year 2002 were extracted from the HES database held at the University of Bristol. Episodes involving total joint replacement surgery were identified as those with any of the following OPCS4 codes W37, W38, W39 (hip joint) or W40, W41, W42 (knee joint) recorded in any of the procedure fields.
The following exclusions were made to remove potential case-mix issues from the sample as such people are different from those receiving planned elective surgery: revision operations identified as episodes with a primary diagnosis indicating complications due to internal prostheses (ICD-10 codes: T84 or T85); episodes containing a diagnostic code indicating cancers of the hip and knee bones (ICD-10 codes: C40, C795) in any of the diagnostic fields; diagnostic codes indicating fracture of the hip and knee bones (ICD-10 codes: S321, S322, S323, S324, S325, S327, S328, S72, S82); codes indicating other injuries due to trauma, such as transport accidents and falls (external cause ICD-10 codes: V01-V99, W00-W19); and non-elective admissions.
Three sets of exposure variables were explored. Data on hospital characteristics is provided in the form of absolute numbers, e.g. the number of T&O consultants in each NHS trust. Hospital characteristics are not comparable in this format as such information must be related to the population of the catchment area a hospital serves. Using GIS software ArcView 3.3, for each hospital trust, Thiessen polygons were used to create catchment areas based on the area of residence for patients who had a joint operation in 2002. 43 A map of census wards was overlaid with a map of hospital catchment areas, and the proportion of the ward that lies within each catchment area was calculated. Each hospital was assigned the proportion of the population of each ward that lies within its catchment area. Hospital characteristics were then expressed as rates per 100 000 catchment population.
Distance measures
A map of the road network in England was obtained using the DigiMap service at Edina. Ward centroids were the start points and hospitals performing joint replacement were the end points, which were linked to the road network. To estimate road travel times, average speeds were assigned to Motorways, A, B and minor roads, in urban/rural areas. 44 A network path analysis was solved using GIS transportation software Base TransCAD, estimating the minimum road travel time, from each CASward in England to the nearest hospital performing joint replacement.
Statistical methods
The data set was collapsed into a cross-tabulation of counts by 5-year age groups, sex and by all CASwards in England. The number of procedures was available at CASward level, hence explanatory variables included in the model must also be available at CASward level. This was the case for the ecological and distance variables. We created ward level hospital variables as follows. If the centroid of a ward lies in a hospital's catchment area, we allocated the hospital's characteristics to that ward. The denominator was population counts by 5-year age groups, sex and CASward.
The hierarchical structure of the data has individuals in age-sex group i, within CASward j, within district k (the 7969 CASwards nested within 354 districts). A randomintercepts Poisson regression model was fitted using the Multilevel modelling software MLwiN. This controls for evidence of clustering in the data, by allowing the overall rate of joint replacement to vary across wards and districts. 45 Failure to control for evidence of clustering can lead to estimates of standard errors that are spuriously precise and be a potential source of bias. An offset term is included to allow for the size of the population in each ward, age and sex group. Extra-Poisson variation was specified to allow for evidence of overdispersion that remains after controlling for clustering. Analyses are conducted separately for hip and knee replacement.
Univariable analyses were conducted to obtain crude rateratios that explore the association between rates of joint replacement and each of the socio-demographic, hospital and distance variables. Multivariable analyses were then fitted to obtain adjusted rate-ratios, using a backwards selection process to remove variables that do not improve model fit. Wald tests are used to explore linear trends. Effect modification is considered to explore a priori interactions between age, sex, deprivation and rurality. 18, 20, 26, 34 Random-slopes models are then individually fitted for each sociodemographic variable to see if their effects vary across districts. To produce predicted rates of provision in each district, the chosen models are re-fitted using the Bayesian software WinBUGS to provide estimates of precision around the predictions that incorporate uncertainty arising from the joint estimation of model parameters. Small-area predictions are produced by adding the mean of the linear predictor in each district to the estimate of residual district variation to obtain the overall predicted rate in each district.
Results

Socio-demographic inequalities and distance measures
The crude rate-ratios showed a marked increase with age for both hip and knee replacements, though with a fall off for those aged 80þ ( Table 1 ). The age effect was more marked for knee replacements. Men receive less provision than women for both procedures but this was more marked for hip replacement. For hip replacement, there was weak evidence of a trend with area deprivation, where patients in poorer areas did not receive more procedures, but this was not true for knee replacements where the highest rates were seen in the third deprivation quintile. There was no evidence of differences by ethnicity for either procedure. For hip replacement, non-urban residents received more provision, whereas the reverse was seen for knee replacement. Although there was no effect of distance on rates of knee replacement, paradoxically, those living further away had a greater risk of getting hip replacement.
Multivariable models showed that adjustment for other variables did not have much effect on the patterns of the crude rate-ratios, though in some cases, e.g. gender difference for knee replacement, there was some attenuation.
Evidence of interaction was apparent (online Supplementary material Fig. S2 ). The effect of gender varied with age. Women received greater provision of hip replacement across all age groups, but this effect was weakest in the youngest and oldest groups. For knee replacement, women received more operations in all age groups except those aged 85þ where men got greater provision. An interaction between deprivation and age was observed for both hip and knee joints. In those aged 50-59, provision increased with increasing levels of deprivation; the most deprived getting more provision. This attenuates with age, and by age 85þ, the opposite was seen, with provision 'decreasing' with increasing levels of deprivation; the most deprived received less provision. For hip replacement, the effect of gender was the same across different rurality groups, but was stronger in urban areas. 
Hospital characteristics
For hip replacement, provision was greater for hospitals performing a larger volume of operations (Table 2) . Hospitals with higher overall numbers of consultants, anaesthetic consultants, operating theatres and dedicated day-case theatres had lower provision rates. Orthopaedic training status, numbers of T&O consultants and bed occupancy rates were not associated with provision. Similar patterns were seen with knee replacement. Multivariable analysis did not change most of the patterns, though it did reverse the association with the number of operating theatres so that an increased rate was now positively associated with greater provision for hip replacement.
Geographical variation
Overall rates of hip and knee replacement varied across wards and districts in England according to the sociodemographic characteristics of those areas. However, there remained geographical variation in provision rates over and above that explained by the variables in the model. Figure 1 displays the overall predicted rate of provision in each district in England, adjusted for socio-demographic, hospital and distance variables, and incorporating estimates of additional unexplained district level variation. Areas with high rates of provision for hip replacements were not necessarily the same areas with high levels of knee provision, suggesting that different factors influence each procedure. Table 3 lists the top 10 districts with the highest and lowest rates of joint replacement. For both hip and knee replacements, there was evidence that the effect of some variables varied across districts. For example, the effect of gender varied from a 28% relative reduction for men (Lambeth) to a 20% relative increase (Wansbeck) for knee replacement (see online Supplementary material Appendix).
Discussion Main finding of this study
This study demonstrates evidence of inequalities in the provision of hip and knee replacement performed in English NHS hospitals. Hospital and distance variables were found to influence provision, but adjustment for these variables did not attenuate inequalities observed for sociodemographic variables. We have shown how one can estimate rates of provision for each district in England and the uncertainty in these estimates, which can be used by local health planners. The pattern of inequalities by variables, such as gender, was found to vary geographically across districts.
What is already known on this topic
Consistent with previous research, we found rates of joint replacement increase with age before falling in the oldest age groups, and women receive more operations than men. 18 -31 Prior research demonstrated that in urban areas, women receive higher rates of hip replacement, with the opposite seen in rural areas where men receive greater provision. 26, 34 The interaction observed in our study was different; the effect of gender (women receiving more provision) was greater in urban than in rural areas. US studies demonstrated interactions between gender and ethnicity. Women receive greater rates of hip replacement than men except among Black and Hispanic populations, 22 and the difference in knee replacement rates between African-American men and women is greater than between White men and women. 21 Age -sex interactions have been observed where from age 50 -84 women receive more knee replacement than men, but then in those aged 85þ there was no longer a gender difference 20 and men have slightly higher levels of provision, 18 consistent with our findings. For hip replacement, prior studies found that more affluent groups receive greater provision, 18, 19, 29, 32, 33 though we found the deprivation gradient to be modest. A recent study 29 found that although evidence of a deprivation effect was apparent, inequalities had narrowed over time, with the proportionate increase in use in those in the least deprived areas falling from 41% to 27% between 1991 and 2001. In line with others, we observed an interaction whereby the deprivation effect is greatest in older age groups. 33 For knee replacement, only one study exists, which found that those in the least deprived areas receive greatest provision (adjusted for age and sex). 18 This is inconsistent with our findings-we found that deprived areas get more operations. Further investigation in our study found that failure to control for clustering in the data causes the association to change direction.
Prior studies on hip replacement found that utilization was higher in rural areas, 26, 31, 34 as has this study. Others demonstrated that this rurality effect was the same in males and females. 26 US studies found that White Americans were most likely to receive hip replacement, 19, 22, 27, 31, 35 although the effect may vary with age 35 where differences are only observed in men and women aged 50þ. Rates of knee replacement are found to be higher for Whites than Hispanics and Blacks 21, 36 although the difference was smaller between women. Living in regions of higher income diminished the difference between Black and White men. 36 Hispanic women in high-income areas receive higher rates of arthroplasty than non-Hispanic, but the opposite is seen in low-income areas. Perhaps surprisingly, many of the provider characteristics either did not predict rates of provision or were associated with reduced provision. For example, trusts that were training centres did relatively fewer knee procedures.
This may be because such units take more time per patient due to training junior doctors or they have more complex cases that result in fewer cases per year. Similarly, the weak association between the numbers of T&O 
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consultants and rates of provision suggests that hospitals calibrate demand in relation to their respective catchment populations, whereby larger hospitals with a bigger population have more staff but by no more than expected given their size. An ecological study in Ontario found that the availability of orthopaedic surgeons was not associated with knee utilization rates. 38 
Limitations of this study
A limitation of using HES data is that private operations are not included. If more affluent people use the private sector for joint surgery, it is likely that the observed deprivation effect is under-estimated and inequalities may be worse in more deprived areas. Another limitation is the lack of individual data. Information on social class or obesity is unavailable in HES and ethnicity incompletely recorded. To overcome this, we used ecological variables of deprivation, rurality and ethnicity; hence, ecological bias may be present. Concerns have been raised over the completeness and accuracy of data collected for administrative rather than research purposes, and importantly, it may contain incomplete or inaccurate diagnostic and operation coding. 26, 32 What this study adds
Local healthcare planners need to monitor inequalities in the provision of surgery, and the results of this study provide them with exactly the information required. It may be argued that the models used are complex; however, they need only be used once in order to obtain local estimates for the whole of England. Such a modelling exercise could be undertaken by governmental statisticians at either a national or regional level or by academic units. The resource can then be shared across all local-based healthcare units or released to commissioners and the general public. By using routinely available data, analyses can be repeated over time to provide an updated picture of the pattern of inequalities and to monitor the effect actions of health planners have on reducing inequalities in access to hip and knee replacement. Although it is useful to be aware of inequalities in the provision of healthcare, this does not necessarily imply that there are inequities. It is important to establish whether provision matches need across socio-demographic groups to determine whether it is equitable. It is unlikely that socio-demographic differences in disease morbidity will vary so dramatically across districts. This suggests that some of the geographical findings reflect local variations in patient expectation, clinician management and/or available resources rather than true differences in need. Future research from this project will address this issue, by developing small-area estimates of the need for joint replacement, then combining data on need and provision to explore equity in access to care.
Supplementary data
Supplementary data are available at the Journal of Public Health online.
